This study aimed to analyse the relationship between Gross Motor Functional Classification (GMFCS), Manual Ability Classification System (MACS), Communication Function Classification System (CFCS) and Eating and Drinking Ability Classification System (EDACS) in children with Cerebral Palsy (CP) and development of a global profile of the child's role in activities of daily living. It is further intended to determine if the functional classifications present a predictive factor for one or several types of CP established by the Surveillance of Cerebral Palsy in Europe (SCPE). An observational study was developed in schools in the Region of Murcia during the months of March to June 2018. Participants included children and adolescents from 3 to 18 years of age evaluated individually under the same conditions by a physiotherapist with more than 10 years of experience and following the available manuals. A high correlation between the scales was found. Spastic unilateral CP presented a greater prognosis in the development of the functional abilities described by the functional scales. The study shows how the classification systems complement each other to provide a better description of the functional profile of children with CP, and the four scales involve a predictive factor for some types of CP.
Introduction
Cerebral palsy (CP) defines a group of permanent, non-progressive disorders of movement control and posture, caused by a defect or injury suffered in the early stages of development of the nervous system [1] . Although the injury or primary cerebral defect is static and irreversible, the clinical pattern of presentation can change over time [2, 3] . Disorders that characterise CP are often accompanied by other alterations (sensitivity, vision, perception), and by secondary skeletal and neuromuscular problems [4] [5] [6] . The deficiencies can limit the ability to eat, drink and swallow, with the resulting risk of respiratory problems [7] [8] [9] . CP is the most common cause of neurological disability in infancy, with a stable incidence in developed countries of 2-2.5 per 1000 live births [10] .
In recent years and in clinical practice, several classification systems have been developed to describe functional abilities in children with CP. They share a series of common characteristics: 1) specifically built in a single function; 2) all based on the International Clasification of Functioning, Disability and Health (ICF), and the concepts of "activity" and "participation" are the core points of these systems. The ICF is a framework for describing and organising information related to functioning and disability. It provides a standard language and a conceptual basis for the definition and measurement of health and disability; 3) each classification describes "performance" (an individual's usual activity) rather than "capacity" (what people can do at their best); 4) all the classifications present 5 levels being mutually exclusive and represented with Roman numerals (I-V) avoiding quantitative values; 5) none of these systems represent an outcome measure or a diagnostic tool [11] .
In order to describe functional abilities, several classifications have been developed to describe daily activities in terms of mobility, gross motor function, manual ability, communication and feeding, which may be affected by CP: a) Gross Motor Function Classification System (GMFCS) [12] ; b) Manual Ability Classification System (MACS) [13] ; c) Communication Function Classification System (CFCS) [14] ; d) Eating and Drinking Ability Classification System (EDACS) [15] . Table  1 shows the levels of functional classification for children with CP.
In addition, in recent years a number of researchers have developed a new terminology to classify CP as described by the SCPE in order to monitor the incidence of CP, providing a frame of reference for research and planning of assistance services [16] [17] [18] .
CP is a major problem due to the disability it involves. Understanding the relationships among the four functional scales may be important for the purpose of establishing functional profiles in these children. Therefore, we propose to analyse the relationship among GMFCS, MACS, CFCS and EDACS in children with CP and to attempt to develop a global profile of the child's role in activities of daily living. On the other hand, we propose to determine if the functional classifications present a predictive factor for one or several types of CP established by the SCPE.
Method
Observational study design based on retrospective data carried out in educational centres of the Region of Murcia (Spain) between the months of March to June of 2018.
Setting and participants
Seventy-eight children and adolescents educated in Primary, Secondary Education and Special Education Schools participated in the study. Children had been diagnosed with CP at health centres prior to their schooling and their relevant diagnostic reports were submitted. In all cases, informed consent was obtained from the participants and educational centres that participated in the study.
In Spain, children with CP and major physical and intellectual disabilities areenrolled in special education centres. Children with mild or moderate physical disabilities, with mild or no intellectual disabilities, are educated in ordinary schools.
Children and adolescents diagnosed with CP aged between 3 and 18 years, educated in schools in the Region of Murcia and who received physical therapy treatment by a pediatric physiotherapist participated in the study. Children diagnosed with neuromotor disorders other than CP, children who had undergone some type of surgery that affected their functional abilities in the 6 months prior to the study or who expressed their intention to relocate from the study area were excluded.
Materials
All the children were evaluated individually at the schools under the same conditions and recording the following data: 1) Age; 2) GMFCS level; 3) MACS level; 4) EDACS level; 5) CFCS level; 6) CP type according to SCPE. The SCPE classifies this pathology as follows: A) Spastic Unilateral; B) Spastic Bilateral; C) Ataxic; D) Dyskinetic. All the children received Physical Therapy treatment at the schools.
Procedure
The recruitment, the level of functional abilities in the classification systems and the CP according to the SCPE of the sample subjects were assessed by a physiotherapist blinded to the objectives of the study with more than 10 years of experience according to medical reports available in schools and the available manuals for the different scales.
Statistical analysis
Descriptive statistics, using the absolute frequencies and percentages in the case of the qualitative variables, and maximum, minimum and mean values of the standard deviation for the quantitative variable "age" were used to describe the results. To evaluate the degree of association between the GMFCS, MACS, CFCS, and EDACS, the Spearman correlation test was used. The significance level was set at 5%. In those cases, with more than 20% of the expected frequencies having a value above 5, the likelihood ratio test (LRT) was used as a comparative statistic. Data analysis was performed using the statistical package SPSS, version 20.0.
Results
The study involved fifty-two Primary and Secondary Schools and two Special Education Schools. The average age was 11.14 (SD 4.44) years, with a minimum of 3 years and a maximum of 18 years. A total of 60.3% of the sample were girls and most participants went to Special Education (33.3%) and Primary Schools (33.3%). In relation to the CP classification, 46.2% represented Spastic Bilateral CP, 35.9% Spastic Unilateral CP and 14.1% were classified as Ataxic CP.
A high correlation between the four classifications was found (r> 0.70, p < 0.01). Table 2 shows the results of the correlation analysis between GMFCS, MACS, CFCS, and EDACS. Correlations between sample subjects for levels and classifications are shown in tables 3-5.
Statistical differences were found in the LRT results between the various scale levels (GMFCS, LRT = 60.47; MACS, LRT = 34.58, CFCS, LRT = 40.45, EDACS, LRT = 40.49) and the CP type (p = 0.00).
With regard to GMFCS, spastic unilateral CP was concentrated mainly at levels I (24.4%) and II (10.3%). Children with bilateral spasticity (23.1%) needed to be transported in a wheelchair (GMFCS V) or used technical aids for indoor mobility (GMFCS III). Ataxic CP was distributed between levels I-II, IV-V and children with Dyskinetic CP presented functional limitations classified to levels II-IV.
For manual abilities classified according to MACS, 32% of spastic unilateral CP was classified as levels I-II, while spastic bilateral CP was principally distributed at level V (46.2%). Children with Ataxia presented greater limitations and adaptations in manual abilities according to levels III-V, while dyskinetic CP was classified among levels I-III. 6.4% were slower paced (CFCS II). Similar results were found for spastic bilateral CP and ataxic CP, while dyskinetic CP was distributed proportionally between levels I, II and V.
In terms of feeding abilities and CP types, 34.6% of children with spastic unilateral CP were able to eat and drink safely and effectively (EDACS I), while those with spastic bilateral CP were distributed mainly among levels I, II and IV respectively; 5.1 % of the children with ataxic CP had limitations in the effectiveness (EDAC II), while the results for dyskinetic CP was similar in levels I-III.
Discussion
To our knowledge, this is the first study in Spain that assesses the relationship between scales used in children with CP as well as their distribution among the different CP types according to the SCPE.
The study revealed a high correlation among the scales. Several studies have described different correlations between the GMFCS and the MACS. Carnahan et al. [19] found a poor correlation between these two scales and varying degrees of association between gross motor function and manual ability in different CP types. The Kappa statistic was used in this study and this might explain the results obtained, as this coefficient indicates the relation of a single scale in different investigations, while the Spearman correlation coefficient evaluates the association between two random variables, this being one of the objectives of this study. Gunel et al. [20] found a high correlation in a sample of 185 children with CP and confirmed the association between the two scales. Similar results relating the GMFCS and MACS with CFCS were found [21, 22] .
The distribution of the sample among GMFCS and MACS levels revealed that the majority of children able to walk without restrictions, likewise, had no limitations in their manual abilities. The opposite result was found for lower levels of functionality on the two scales. These results are consistent with other studies carried out Compagnone et al. [22] and Lee et al. [23] .
The results for the GMFCS and the CFCS were similar to those obtained in the above case. However, children with walking limitations presented a greater variability in communication abilities (levels II-IV in the CFCS). It may be argued that limitations affecting coordination and balance present in the more advanced motor activities might also affect the rhythm of the communication, whereby more time is needed to understand and produce messages as well as to amend mistakes, especially in dynamic situations.
The analysis between the GMFCS and EDACS showed that most of the children who did not have limitations or had problems with speed or walking long distances (GMFCS I-II), fed and drank safely and efficiently (EDACS I). On the other hand, all the children who presented major limitations on feeding and drinking (EDACS IV-V) needed to be transported in a wheelchair (GMFCS V). These results reinforce the relationship between the ability to maintain the alignment of different parts of the body (especially head and trunk) as well as their motor control and functionality in feeding activities. Alterations in postural control favour the development of pathological postures in the orofacial zone, head and spine that hinder feeding activities. Bacco et al. [24] support the need to provide a communication tool between the various professionals working with child and family.
The results obtained for the MACS and the CFCS revealed that children with difficulties in manipulation and needing help (MACS II-IV) showed greater variability in communication skills. The CFCS contemplates gestures, behaviours and the possibility of using alternative communication systems as a way of communicating. All these possibilities can be diminished depending on the child's manual abilities in daily life activities. Analysis of the relationship between MACS and EDACS found a proportional relationship between the first and last levels. Children classified as levels IV-V most likely present neuromuscular alterations I  II  III  IV  V  I  II  III  IV  V  I  II  III  IV affecting the orofacial zone and the voluntary control of the extremities, so they will need assistance and / or adapted cutlery in order to attain the necessary manual skills at the time of feeding. Similar results were found when analysing the CFCS and the EDACS at the different levels.
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Taking into account the functional alterations described in the last levels of the functional classifications and the results obtained in this study, children classified from level III onwards and mainly presenting an overall involvement with limitation of movements and posture (present in all spastic PC and dyskinetic cases) will develop problems affecting their ability to move independently, or even with technical aids, to move from a sitting to a standing position and will need additional support to maintain functional seating. In addition, they will have greater difficulties to maintain the alignment and control of the head and trunk and therefore manual activities, communication and feeding will be challenged. These difficulties justify the need to make available to these children the assessment, treatment and follow-up by the various professionals of the rehabilitation services of their area and, therefore, to improve their independence and quality of life.
Regarding the second objective of our study, spastic unilateral CP cases were mainly distributed between the first two levels of the GMFCS and MACS. In the case of MACS, children's manual ability is less affected than the gross motor function, using the hand of the healthy upper extremity to perform different activities or tasks. The reasons behind these results have also been discussed in other studies [19, 20] . Children with dyskinetic CP showed a profile of global alteration that affected both gross motor functions and manual ability.
In the case of spastic bilateral CP, the results revealed a greater distribution among different levels in GMFCS and MACS, with a greater number of cases in level V. These results can be explained by the varying degree of involvement presented in children with spatisc bilateral CP: children with greater involvement of the trunk and lower extremities and children with severe involvement of all four extremities. Montero et al. [25] confirmed this hypothesis with a sample of 139 children with CP in which the gross motor function and postural control in sitting posture were analysed. Although the use of CP classification according to the SCPE does not allow to differentiate between these two types of CP according to the Swedish nomenclature, in clinical practice it is difficult to differentiate between a diparesia and a spastic tetraparesis, so we agree with Beckung et al. [26] and Himmelmann et al. [27] in that the traditional classification does not provide enough information on motor development. Children with ataxic CP were distributed among different levels in the GMFCS and MACS.
In the case of dyskinetic CP, the results of our study show a greater involvement of gross motor skills than of manual skills (GMFCS II-IV, MACS I-III). Dyskinetic CP includes dystonic CP (greater involvement in the orofacial zone without affecting the masticatory system or swallowing functions, and proximal muscles of the upper extremities), which would be represented in the levels of greater functionality, and choreoathetoid CP, which is characterised by the presence of greater involuntary movements and therefore entailing greater difficulties in the gross motor function and manual abilities.
In relation to the CFCS, spastic unilateral CP for the most part presented no communication problems and spastic bilateral CP showed greater variability in terms of communication possibilities.
To our knowledge, this is the first study that analyses CP classification according to SCPE with the EDACS. In the case of spastic unilateral CP, the results confirm the hypothesis for these children (in most cases classified as level I of the EDACS), because they usually present no alterations in orofacial motor abilities and, therefore, most limitations mainly affect manual ability. In the case of spastic bilateral CP, the difference between children suffering a greater involvement of the trunk and the lower extremities and children with severe involvement of all four extremities is more significant than that found in the results for the other classification systems. The sample of this study has been distributed mainly among levels I and II (children with impaired trunk and lower extremities) and levels IV and V (children with impaired trunk and all four extremities). The results for ataxic CP fail to provide accurate information thus preventing a reliable prognosis of functional abilities. The result for dyskinetic CP is similar to that obtained in the previous cases.
Study limitations
In relation to the limitations of the study, the results shown come from a small sample, and therefore such sample cannot be assumed to be representative of the general population, hence the results must be interpreted with caution. In addition, a large number of children from special schools with severe motor impairment have been included and therefore classified in the last levels along with spastic bilateral CP cases, so it has not been possible to obtain proportional results in relation to the functional abilities assessed by the classification systems.
Conclusion
The GMFCS, MACS, CFCS and EDACS are very useful in clinical practice to describe the functional profile in children and adolescents with CP. In addition, the functional classification systems present a predictive factor for some CP types such as spastic unilateral CP, with higher levels of functional abilities and spatic bilateral CP, differentiating between children with greater involvement of the trunk and lower extremities and children with severe involvement of all four extremities.
